A concept of demographic separability is proposed that formalizes the notion that there are groups of goods (adult goods) that have little or no relationship to specific classes of household demographics (the numbers or ages of children). That there exist adult goods demographically separable from children is a necessary but not sufficient condition for the validity of Rothbarth's method for measuring child costs. We propose two different methods for testing demographic separability and present results from a 1981 survey of Spain. The econometric evidence is in fair agreement with the theoretical presuppositions.
i8i niently be represented in terms of "outlay equivalent ratios," quantities that measure the income equivalents of marginal changes in demographic characteristics. Demographic separability induces a simple proportionality between the outlay equivalent ratios for different goods, and we show how to test for this proportionality. Econometric issues are also discussed in this section. Section IV contains the empirical results; although it is easy to reject the separability restrictions overall, there is a good deal of conformity between the results and the predictions of the theory, and the concept of demographic separability appears to be useful for interpreting the data. Section V presents conclusions. We focus mainly on tests of separability, but for the benefit of those prepared to make the additional assumptions, we also use our results to calculate estimates of the costs of children.
II. Demographic Separability: Theory
To fix ideas, consider a traditional Engel curve model that is to be estimated on a single cross-sectional household survey for which it is assumed that all households face the same prices. Household expenditure on commodity i is written as piqi = gj(x, a, z),
(1) where p-q1 is expenditure on good i (note that prices and quantities are not separately observed), x is total expenditure (outlay or income) of the household, a is a vector of demographic characteristics, and z is a vector of other relevant covariates such as regions, seasonals, and occupational and educational dummies. The demographic vector a can contain a wide range of information; in this paper we shall be concerned simply with the numbers of people in each of seven age categories. In consequence, in the empirical work, we shall take a1 = nj, the number of people in the household who fall in the jth age group.
We wish to formalize the idea that some commodities are more closely connected than others with specific age groups in the household. Baby clothes are worn by babies, while (most) alcoholic drinks are consumed by adults. Consider the alcohol example further, and take one of its constituents, for example Bordeaux wine. What effect would we expect on the consumption of Bordeaux of the birth of an additional child into the household? Not much; Bordeaux is not like processed baby food or moviegoing in which the presence of an additional child would generate either a direct demand or else a rearrangement of the household budget to match the new circumstances. Even so, the effect is unlikely to be zero. Babies are not born with cash supplements, and there are more mouths to feed from the same total 182 JOURNAL OF POLITICAL ECONOMY budget, so that Bordeaux, like everything else, may have to take a cut. The effect of the child on Bordeaux consumption is essentially an income effect, while the effects on baby food or moviegoing also contain substitution effects that are absent for alcohol. In this case, we shall say that alcohol is demographically separable from children or from child demographic characteristics. It is easy to see that with only one such good, the separability restriction is not testable; any effect of children on alcohol consumption can be interpreted as an income effect. However, as soon as we have several potential adult goods, say Chateau Latour or Chateau Haut Brion, or Bordeaux and Rioja, then the effect of additional children on each ought to be proportional to the effects of changes in income on each. And that is a testable restriction.
We formalize these ideas quite generally, although in order to fix ideas and to lead into the empirical work, we use child demographics and adult goods as a running illustration. Nothing prevents the theory from being used to define demographic separability between, say, adult characteristics and child goods, with possible further application to the measurement not of child costs but of adult costs.
Start from a demographic group D-for example, children-but it could just as well be teenagers, grandparents, unrelated adults living in the household, and so on. Corresponding to D, we say that commodity group G, G(D), is demographically separable from D if it is true that changes in the demographic structure within D exert only income effects on the goods in G. For G to be separable from D, we require that, for all g in G and all d in D,
where the factor of proportionality 0d is independent of the commodity g. Only the two derivatives in this expression are observable, so that testing the restriction requires a group with at least two goods in order to compute the ratios of the derivatives for different goods. Robert Pollak has pointed out to us that it is possible for there to be more than one demographically separable group of goods for any one demographic category. For example, for d E D, there might be two groups G1 and G2, with associated constants 01d and 02d in (2). In this case an additional child (say) causes a reallocation of resources between two groups of goods but changes patterns within the groups only insofar as the group expenditure totals are affected. We shall not consider this case further; our main concern is whether or not demographic effects can usefully be modeled as income effects, and the obvious starting point is that they do so for all unrelated, separable goods. 
dad ax where 0d has been calculated from some separable group satisfying (2) and Ugd is defined by (3). This equation is chosen to look like the standard income and substitution decomposition of the effects of changes in price, and it is a useful analogy to think of demographically separable goods as those for which particular demographic changes have no substitution effects. However, for the analogy to be complete, it must be possible to interpret the quantity 0d as the utility constant derivative of income with respect to the demographic characteristic ad. As we shall see next, such an interpretation, while consistent with demographic separability, is not required by it, so that there exist preference structures for which the income and substitution interpretation would not be justified. Consider a partition of the vector of demographics a into (a), a*), where a* is that subvector of demographic characteristics not associated with D; that is, it is the complement of a,, in a. Then the demographic separability condition (2) will hold if and only if the demand function takes the form qg = fgk[t(x, a), add (4) for some function 4(, ) and where the other covariates z in (1) have been temporarily suppressed. While it is possible to provide a characterization of the preferences underlying (4), the results are not particularly enlightening. Instead, we consider two important classes of preferences that generate (4). Consider first a model of cost separability. Suppose that c(u, p, a) is the cost or expenditure function associated with utility level u, prices p, and demographic characteristics a and that the function takes the following form: c(u, p, a) = cl (u, P(;, a*) + c2(u, p*, aD). As usual, weak separability implies the existence of subgroup demand functions for the separable group, so that for G-goods we now have qg = fg(xc;, pn;, a*),
where X(; is expenditure on G-goods in total. Since X(; is a function of prices, total outlay, and all demographic characteristics, (10) is consistent with both (4) and (2) so that weak separability, like cost separability, is consistent with demographic separability as originally defined. However, if we now use (10) to evaluate 0d in (2), we get not (7) but
and this is a useful measure of compensation only if we are prepared to assign direct welfare significance to total expenditure on G-goods. In general, there is little reason to do so. In the utility function (10), expenditure on adult goods is certainly a part of welfare, but it is not all of it. Adults may well have a separable subutility for a group of adult goods and activities, but that is not the same as being indifferent to other elements of (10), such as children's consumption levels or the amounts of goods that are shared. Since the two separability concepts (5) and (9) both imply demographic separability and yet have such different welfare interpretations, it would be desirable to be able to separate between them. While this is possible in general, it is not possible on a single cross-sectional survey in which there is no price variation. Note first that from (6) we have xG = Epgqg = E pghg(u, pG, a*), In the empirical analysis below, we have a group of goods that are potential candidates for classification as adult goods, and we shall test whether they satisfy a single restriction like (2), that is, whether or not they are demographically separable from child characteristics. We have no prior basis on which to divide them into further groups, and any attempt to do so would only compromise our ability to construct even a single test. Our analysis therefore cannot shed light on whether or not it makes sense to calculate child costs should demographic separability be accepted on the data. Rothbarth's method of calculating child costs depends on whether or not expenditure on adult goods is thought to be a satisfactory indicator of adult welfare. Under (5) it is, under (9) it is not, and the choice is not something on which we can offer empirical evidence. But the very fact that demographic separability is a shared consequence of such diverse preference structures makes it more interesting to examine its relation to the data.
III. Model Formulation and Empirical Procedures
In our empirical analysis, we shall estimate Engel curves for a number of potential adult goods and then examine our results for evidence of demographic separability. The demographic characteristics that we consider are the numbers of people in each household that fall into seven distinct age ranges, from old people to babies. One convenient way to express the influence of demographic structure on consumption patterns is through what we call "outlay equivalent ratios." For any normal commodity i and any demographic category r, define the outlay equivalent ratio S-ir by lTr -~r a(jj/n (15) a(plq q.) /Ax x( Given any estimated Engel curve, these ratios can be calculated for each good and each demographic category, forming a matrix of 187 goods by categories. Each S-ir gives the effect of an additional person of type r on the demand for good i, measured as the amount of additional outlay that would have been necessary to produce the same effect on demand, that additional outlay expressed as a fraction of total household expenditure per household member. While the outlay equivalent ratios can be calculated for any combination of i and r, if good i belongs to a group G that is demographically separable from r, then, by (2), the Sir coefficients will be the same for all goods in the group.
In order to calculate the outlay equivalent ratios, we require a functional fornm for the Engel curves. An ideal form for our purposes would be one for which demographic separability could be expressed in terms of' parametric restrictions. We have devoted a good deal of time and energy to the search for such a form but have not been able to construct one. Instead, we select a flexible functional form for the Engel curve and accept the fact that we can examine demographic separability only at particular configurations of the explanatory variables. We use the following: We note finally that although (16) can be given a formal interpretation in utility theory, we choose not to emphasize it. Instead, we regard the equation as a convenient representation of the expectation of demand patterns conditional on the explanatory variables. For many of the goods we shall consider, substantial numbers of households record no purchases, so that the regression function is an average of zeros for households that do not purchase and of positive demands from those that do. As such, there is no straightforward interpretation of the regression function in terms of' preferences. Our 188 JOURNAL OF POLITICAL ECONOMY tests of demographic separability should be interpreted with this in mind: we are testing whether the effects of demographics on expected purchases are analogous to the effects of income on expected purchases, where the effects include changes in demand at both intensive and extensive margins.
Given an Engel curve of the form (16), the outlay equivalent ratios can be calculated to be (19) and that these demand functions are independent of the demographic characteristics from the group D. Hence, for example, a test for demographic separability of a group of adult goods can be constructed by regressing each adult expenditure on total adult expenditure, on other variables z, and on all demographic characteristics and by testing whether the child characteristics are jointly insignificant.
To match this alternative strategy to the first, we should have to use (16) to solve for total outlay x in terms of total expenditure on a specified group. The result could then be used to substitute out for x and to give a subgroup demand system containing all the demographic groups. However, the nonlinearities in (16) 
IV. Data and Results
The data used in this study are taken from the Spanish Encuestas de Presupuestos Familiares and were collected during the year from April 1980 to March 1981. The main purpose of the survey, which has been repeated at irregular intervals over the last 20 years, is to provide the weights for the consumer price index. Since the survey is designed to calculate separate price indices for 50 provincial capitals, the sample size is large, 23,972 households from a total population of 10 million households. In this study we exclude the 264 households in the two North African cities of Ceuta and Melilla. Data were collected on 625 separate items of household expenditure. We shall use only a fraction of this detail, but its existence is necessary to allow us to pick out commodities that are specifically associated with individual age groups, even if the detail is then reaggregated. Expenditure data were collected over different reference periods for different commodities, so that food, drink, and tobacco (and many other items) were monitored over a 7-day period, while other expenditures were reported on a recall basis for periods of a month, 2 months, or a year, depending on the frequency with which the good is typically pur-chased. We convert all expenditures to an annual basis, although two of the "lumpiest" items, purchases of motor vehicles and home repairs and improvement, were excluded from total household expenditure.
We also selected out a number of households on demographic grounds. Rather than expect the models (16) or (20) to apply to all household types, it seems wise to exclude those, such as single-person households, in which the life-style is sufficiently distinct to suggest that the effects of adding a child would be quite different from the marginal effect of an additional child in a household that already has children. We experimented with a number of different exclusion patterns. In the results reported below, all single-person households are excluded, 1,896 households, as well as those that report the presence of an unmarried couple without any children under the age of 14, a further 1,778 households. Our final, selected sample contains 19,951 households. We repeated the calculations with a more narrowly defined sample that also excluded 8,946 households in which there were no children under the age of 14. The results from this alternative data set differ only in detail from those reported below. We also "cleaned" data for individual households in which there were obvious inconsistencies. Although the cleaning was extremely time intensive, the total number of households involved was very small. Since the discovery of "unclean" data is inevitably (if unfortunately) a continuing process that proceeds along with the analysis, we obtained the sense that our estimates are quite robust to the cleaning, perhaps because we discovered no really egregious observations. Details of the cleaning operations will be made available on request. We began by defining 12 possible adult goods, listed in table 1 and defined (where necessary) in the note to the table. A regression of the form (16) was estimated for the budget share of each good. The seven demographic categories are the numbers of people in the household aged 0-4 years, 5-8 years, 9-13 years, 14-17 years, 18-23 years, 24-60 years, and over 60 years of age. Also included in the regressions were 49 other variables representing the educational attainment of the household head, head's and spouse's ages and their squares, and dummies for multiple-earner households, head's occupation, types of housing tenure (there is a good deal of rationing of subsidized housing in Spain), regional location, and date of interview.
The outlay equivalent ratios for the 12 goods are presented in the top panel of table 1 and their estimated standard errors are in the bottom panel. Since all the goods in the table are normal, a negative (positive) ratio implies that an additional person in the relevant age category acts like a decrease (increase) in total outlay. For a good and age group pairing in which there is demographic separability, addi- strong effects on adult education, on alcohol consumed away from home, and on tobacco. However, the most important feature of the table is the fact that, with only four exceptions (three for babies and one for 9-13-year-olds), all the outlay equivalent ratios for children are negative. The exceptions are themselves instructive. The positive effect of 9-13-year-olds on "adult" education is presumably an indication that the category has been too broadly defined; note the very large Tr-coefficient of 14-17-year-olds on the same category. It is not at all surprising that health expenditures are associated with the presence of babies. But there is also evidence that the presence of babies is associated with increased expenditure, presumably by the parents, on alcohol (consumed at home, not outside) and on tobacco. The alcohol effect is quite significant; the tobacco one not so. Such effects are consistent with Barten's (1964) model whereby the fact that adult goods do not have to be shared with children implies that their relative shadow prices fall as the number of children increases. Note too that the net effect on alcohol consumption, although positive, is smaller than that on alcohol consumed at home, a plausible consequence of babies making it more expensive to go out. Of course, the Barten model is not the only explanation of why infants cause their parents to drink and smoke more. The results in table 1 suggest that demographic separability is worth more serious testing. Table 2 presents the relevant evidence on the equality of the Tr-coefficients. For each of the child demographic groups, the table shows the deviations of the Tr's from their mean over the 12 goods, that is, the "discrepancies" Air of equation (18), together with the absolute values of their asymptotic t-statistics. The last row of the table shows the Wald tests for the hypothesis that all 12 goods are jointly demographically separable from the child category in that column; under the literal truth of the hypothesis, these test statistics should be distributed as chi-squared with 11 degrees of freedom. The high t-values occur where they might be expected given the results in table 1. For babies, health and alcohol iTr's are significantly above the mean, while the ar's for adult clothing, education, and entertainment are significantly below it. For the 5-8-year-old children, there are fewer large t-values, although adult clothing and entertainment are significantly lower than the mean, and transport is significantly above it. For the older children, the r-values for adult education and health are clearly too large, and those for alcohol out and, again, adult clothing are too small. The overall Wald tests are highly significant at any conventional significance level, a result that is not at all surprising given the t-values in the columns above.
There are various interpretations that can be placed on these results, and rather than argue for one of them in particular, we prefer simply to catalog the possibilities. First, the standard errors, t-values, and X2-statistics are all computed without allowance for residual heteroscedasticity in the underlying regressions. Although it is both expensive and complex to recalculate all the test statistics, we have followed White (1980) and Efron (1982) in estimating heteroscedastic-consistent variance-covariance matrices for the regression coefficients, for the ar's in table 1 and their discrepancies in table 2. The results are very much what would be expected from other similar studies. On average, the standard errors on the regression coefficients increase by about 20 percent and the t-values on the discrepancies by about 12 percent. We could therefore expect the separability test statistics to fall by about 25 percent, which is far from sufficient to bring the figures close to conventional acceptance levels.
Second, it is possible to question the relevance of conventional significance levels themselves. Our sample contains nearly 20,000 observations so that, if the size of the test is set at conventional levels, the probability of rejection is likely to be very much higher than it normally is, even if the hypothesis is, in some sense, very close to being true. In such circumstances, it may be better to try to balance explicitly the probabilities of type 1 and type 2 errors using a Bayesian approach. Schwarz (1978) has proposed a test criterion that asymptotically chooses the model with the higher posterior odds, and although his derivation makes an assumption of exponential families, the test applies more generally (see Chow 1983, pp. 300-302). In the current context, the Schwarz criterion is to accept the restricted model if the x2-value is less than the logarithm of the sample size multiplied by the 195 number of restrictions, in this case a critical value of 108.9. By this criterion, we should accept that the 12 goods are demographically separable from the two oldest groups of children, but not from the youngest. To see whether this procedure also works when we expect to reject the null hypothesis, we calculated the Wald statistics for the adults, who should not be demographically separable from these goods. The values are 103.7 for those over 60, 188.7 for the 24-60-year-old group, 672.3 for the 18-23-year-old group, and 603.9 for the teenagers. Hence, apart from old people, who appear to get little in the way of these goods, we reject the (absurd) hypothesis that adults are separable from adult goods.
One can also view the results in Table 3 presents the TSLS estimates of important parameters from the subsystem demand equations. These results correspond to the modei (20) above, which posits a linear relationship between expenditures on each good and total expenditure on adult goods, together with the demographic and other variables. The two-stage estimates are calculated using total expenditure as an instrument; OLS estimates are seriously biased by the simultaneity between the total adult expenditure and its components. Demographic separability implies that the characteristics of the separable demographic category should not appear in the regression, and this can be tested by the t-values for individual coefficients or by the F-statistics in table 4 (Ffl is the test for the exclusion of all three child groups, and Fa2 is the test for the exclusion of the two older categories).
Tables 3 and 4 also show the coefficients and test statistics associated with adults. The F,-statistics in table 4 correspond to Fi1 and F,2 in the first two columns and test for the absence of all adult effects in the adult goods equations. Although we generally expect the presence of adults to affect expenditure on adult goods and demographic separability to be rejected, the estimates in table 3 should not be interpreted in the same way as the estimates of Tr-coefficients in table 1. Suppose that for some adult good all adult r-coefficients are positive and have the same value, so that additional adults, whatever their age, generate additional expenditures on the good in the same way as an increase in income would. Given this, the effects of those adults will be absorbed into the effect of total adult expenditure in the regressions in table 3, and the number of adults will have no effect either individually or jointly. Of course, there is no reason to expect this to happen since different-aged adults will typically have different effects on different adult goods. Even so, the insignificance of an adult category in the regression for an adult good does not mean that the good is not an adult good, only that adults of that age group have much the same effect on consumption as adults of other age groups. The results in table 3 replicate the main features of table 1, although there are minor differences of detail; the choice of functional form and methodology does not appear to have a large effect on the results. All the child groups have significant negative coefficients in the adult clothing equation, so that, as before, children appear to depress expenditure on adult clothing more than they depress the expenditure on the other goods. There are again significant positive associations between the presence of babies and expenditures on health, alcohol, and tobacco and a significant negative coefficient in the entertainment and adult education equations, effects that would not be present were these four goods separable from babies. Once again, it is the baby group that generates the most conflict with separability; adult clothing apart, the older children have little effect on expenditures in the group once we control for total adult expenditure.
The test statistics in tables 4 and 5 provide a summary. In tests of whether each good is demographically separable from all three child groups, there are strong rejections for adult clothing, adult education, entertainment, and health. For all these goods, the F-test is larger than the Schwarz critical value, which, for an F-test, is the logarithm of the sample size, or 9.9. At the conventional levels also shown, several other goods would fail. 
V. Conclusions
By conventional statistical criteria, nearly all the hypotheses with which we began have been strongly rejected with the Spanish data analyzed in this paper. Even so, we think that the concept of demographic separability with which we began is an interesting and useful one. Our selection of adult goods was a broad one, and several of the inclusions, such as expenditures on health, might have been expected not to be separable from children. Furthermore, we have a very large sample of nearly 20,000 households, so that conventional statistical criteria are not generous to even very small conflicts between theory and data. The large-sample Bayesian criterion used here presents a more plausible picture, that some of our provisional adult goods should not be regarded as such, but that most of the goods we tried are genuinely separable from children.
What then of the second of our topics, the measurement of child costs? Our theoretical analysis showed that even if demographic separability between adult goods and children were to be satisfied, the finding would not, of itself, justify the use of the Rothbarth method for measuring child costs. Of course, neither are we prohibited from going ahead, provided that we believe that expenditure on adult goods is a plausible indicator of adult welfare. On the supposition that it is worth following the consequences of the assumption, we conclude by presenting some estimates.
To do so, we return to the original functional form (16) 
where the subscript A denotes sums over the original indices i in (16). The right-hand side of (27), multiplied by x, yields an expression for total adult expenditure, which, according to Rothbarth, is monotonically related to adult welfare. We select a base household with two adults and no children, total expenditure x", and sample mean characteristics and calculate its predicted expenditure on adult goods, XA. For some other household, for example, one with two adults and two babies, we calculate the value of total expenditure, xl, say, that would generate xA), that is, the same level of adult goods expenditure as in the base household. The cost of the additional children is then xix", which is, in general, a function of x". Put differently, the two additional children are "equivalent" to (x' -x)/x(" pairs of adults. We use all 12 potentially adult goods to make this calculation. If the base household has the mean value of the logarithm of total household expenditure per capita, then an additional baby is calculated to be equivalent to 21 percent of an adult, an additional 5-8-year-old 22 percent of an adult, and an additional 9-13-year-old 31 percent of an adult. If education and health are dropped from the list, the costs are a little higher (as would be expected from the Tr-ratios) but increase to only 24 percent, 24 percent, and 35 percent, respectively. These figures are perhaps not implausible, but they are nevertheless subject to all the theoretical qualifications discussed above.
